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Introduction: 

 

Your mission, should you choose to accept it, is to assemble a team to complete the following 

tasks: 

- Ensure a safe environment for the experiment 

- produce a force vs. time graph of a model rocket engine 

- use a variety of methods to predict the maximum altitude to which your rocket will fly 

- construct and launch a model rocket 

- measure the rocket’s maximum altitude 

- compare the measured value to your predicted values and suggest reasons for any 

differences 

 

Your team should have people responsible for each of the tasks listed above. 

 

Materials: 

 

Individual Team: 

2 A6-4 model rocket engines 

Recovery wadding 

2 Clinometers 

1 set igniters 

1 GPS device or measuring tape 

USB Memory stick  

Pasco Capstone software download at home – see download and installation instructions 

1 Starhawk model rocket kit and white glue or a completed rocket model 

 

Provided on Launch Day: 

The launch pad   

1 rocket bracket 

1 Pasco Force Sensor 

1 USB Link 

1 C clamp 

1 flathead screwdriver 

1 netbook computer or other data collection device (e.g. GLX) 

 

Procedures: 

 

Part 1: Optional Rocket Construction-complete at home 

1. Follow the instructions provided for constructing your rocket. You may personalize it 

using paints, markers, stickers, etc. Give your rocket sufficient time to dry before 

launching.  Do not add extra weights or anything that could deflect the path. 

 

 

 



Part 2: Initial measurements in the superlab 
1. Get individual team materials listed above. 

2. Prepare your rocket for launch – make sure that recovery wadding has been inserted to 

protect the recovery system (streamer or parachute) and the engine is inserted. Do not 

insert the igniters at this time. 

3. Be sure to measure the mass of your rocket prior to launch. You will subtract the mass of 

burned fuel to get the mass of your rocket after launch. (See data booklet). 

4. Measure the mass of the individual rocket engine before the test.  (one engine is for the 

rocket, one engine is for the engine test) 

 

Part 3: The Engine Test – to be conducted outdoors 

1. Check that the rocket bracket is secured into the force sensor – use a flathead screw 

driver to tighten. 

2. Check that the force sensor is secured onto the stand and firmly in place. 

3. Secure the stand using the C clamp to a large solid object such as the edge of a picnic 

table or bring a chair+umbrella if it is raining to conduct the experiment under cover. 

4. Attach the USB link and then plug the USB link into your data collection device. Start 

the Capstone software and drag the graph icon on the right to the screen.  Click on y axis 

label and set to “force”. 

5. Place a model rocket engine into the rocket bracket – make sure the large open end of the 

engine (not the nozzle end) touches the vertical plate of the engine bracket 

6. Install the engine igniters following the procedures outlined for pre-launch. 

7. Connect the launch controller and move back a safe distance.  Make sure the area behind 

the nozzle end of the engine is clear. 

8. Push the “start” button so you are collecting data. 

9. Insert the key into the launch controller – give a loud short countdown and press the 

launch button. *Note: If your engine does not fire – remove the key from the launch 

controller and wait at least one minute before approaching the test area. 

10. Do not approach the rocket until it has finished burning (including the recovery charge). 

Be aware that some of the materials may be hot for a short time after firing. Press the 

“stop” button to end your data collection. Make sure you save your raw data before you 

start making changes to it.  Save a second copy to your usb. 

11. Record the mass of the rocket engine after the test and calculate the mass of fuel burned. 

(see data booklet). 

 



 
 

See the Data Booklet to complete your data analysis. *Please note: each member of your team 

must complete a Data Booklet. 

 

Part 3: Launch and Altitude Measurements 

1. Prepare the launching pad and rocket. Insert the igniters into the rocket engine (see 

“Launch Procedures”) 

2. Before connecting the launch controller, have two people in 

your team start from the launch pad and, using either a GPS 

device or a measuring tape, move as far away over level 

ground as possible. Make note of the horizontal distance 

(D) from the launch site. You will also need to know the 

distance from the ground to the clinometers (HI). The 

launch controller can be connected while these people 

move into place. 

3. Indicate to the person looking after launch control that you 

are ready. The launch controller should then insert the key into the launch controller and 

give a countdown – pressing the firing button at “lift-off”. 

4. Watch the rocket launch and afterwards, record any important qualitative observations in 

your data booklet - when the rocket has reached its highest altitude, view the rocket along 

the top of the clinometer. Both observers should measure and record the angle (). 

5. Use the data you collected to calculate the altitude (H) reached by your rocket. Take the 

average of the two results. 

 

The Engine Test Setup 



Part 4: Modifying the Raw Data and Making Calculations – complete at home 

We will be using the results of your engine test to help predict the maximum possible altitude of 

your rocket. We will ignore air resistance in our calculations. Before you proceed you will 

need to modify the graph of the raw data you collected from your rocket test. 

1. When looking at your graph of force and time, click on select data (yellow pen with blue 

dots) and select the portion of the data where the engine is firing. **You should ignore 

the ejection charge portion of your graph. 

2. Adjust the scale of the x and y axes of your graph so that the data you need fills as much 

of the graph as possible. Do this by moving the pointer over the axis values – it should 

change into a wavy line with two arrows on either end. Left click and scroll to either 

increase or decrease the scale. Do the same for the other axis. 

3. Click on the  symbol in the toolbar above your graph to get the average force.  Click on 

the area under the curve button (the one beside the  ) A box should appear on your 

graph with the area under the F-t graph, the impulse. 

4. Print out a copy of your modified graph and attach it to the data pages you will hand in. 

** Before you shut down the Capstone program, I recommend saving a copy. Save your 

work by selecting “Save Activity As…” under the File heading. Choose a name for your 

raw file and click the “save” button and save on the usb as well. 

5. Use your graph and the instructions below to complete the calculations in the Data 

Booklet. 

Method 1 – Using Newton’s Laws 

 

1. Calculate the acceleration during the burn using Newton’s Second Law. Remember to 

use the net force which is the average thrust ‘Favg’ – the average weight ‘mavgg’. 

 

a = (Favg - mavgg)/mavg 

 

2. Use the acceleration and the burn time to calculate the final velocity ‘vf’ of the rocket and 

the distance ‘d1’ it travels during the burn time. 

 

vf = at  and   d1 = ½ at2  

 

3. Find the additional distance to reach zero vertical velocity as the rocket continues to coast 

upward: 

 

d2 = vf
2/2g 

 

4. Calculate the total theoretical altitude: d1 + d2. 

 

Method 2 – using the Law of Conservation of Momentum 

 

1. Calculate the total impulse or change in momentum of the rocket: Ft (impulse) = mv 

(change in momentum). Be aware that there are two forces providing impulse during the 

time the engine is firing – the thrust and gravity, so the change in momentum p of the 



rocket will be given by the area under the force vs. time graph – the average force of 

gravity x t where t is the time for the burn (as taken from your force vs. time graph). 

 

area under f vs. t graph – mavggt = p = mfinalv 

 

2. Calculate the final upwards velocity of the rocket after the burn has completed: 

 

vf = p/mfinal  

 

3. Use the the velocity from step 2 (method 2 above) to calculate the distance traveled 

during the burn time t: 

 

d1 = ½ (vf)t  - since vi =0  assuming uniform acceleration 

 

4. Find the additional distance to reach zero vertical velocity as the rocket continues to coast 

upward: 

 

d2 = vf
2/2g 

 

5. Calculate the total theoretical altitude: d1 + d2. 

 

Data Studio Software Download and Installation Instructions: 
 

With our school site license you can download and use Pasco Capstone software at home or at 

school. Download at: 

https://www.pasco.com/downloads/capstone/pasco-capstone-trial/index.cfm 

With site license key: 18tmi-qg1n1-0p1v0-ohid9-g0ome-c891l 
Or just use the 30day free trial. 

https://www.pasco.com/downloads/capstone/pasco-capstone-trial/index.cfm


 


